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DIVALENT METAL CATIONS ARE INVOLVED IN LIGAND RECOGNITION  








The chemoreceptor Tcp of Salmonella enterica is unique in that it mediates attractant responses not only 
to citrate but also to divalent metal cations in the presence of citrate but not in its absence. Tcp has therefore 
been supposed to sense citrate and metal-bound citrate as distinct attractants. In collaboration with this 
laboratory, Dr. Katsumi Imada of Osaka University determined the crystal structure of a periplasmic 
fragment of Tcp. In each ligand-binding pocket of the Tcp homodimer, a Zn2+ ion was accommodated 
with a citrate molecule. In this study, I aimed at understanding the molecular mechanism of ligand 
recognition by Tcp with particular interest in the role of divalent cations. First, I found that EDTA 
dramatically decreased citrate response of the receptor-less Escherichia coli strain expressing Tcp as a 
sole chemoreceptor, and that this inhibition was reversed by the addition of Mg2+. Effects of EDTA and 
Mg2+ on citrate responses of cells expressing several mutant Tcp proteins further support the notion that 
Tcp requires divalent cations for citrate recognition. Next, I purified a periplasmic fragment of Tcp to 
carry out isothermal titration calorimetry (ITC) measurements. However, binding of citrate was not 
detected presumably because the fragment was not stable. I then tried to construct more stable Tcp 
fragments. Out of 6 fragments constructed, the fragment spanning Thr-24 to Ser-186 was less degraded, 
and the introduction of the D35C mutation that promotes dimerization seemed to enhance the stability.  











Tcp の Asn-67 残基をさまざまなアミノ酸に置換すると，
クエン酸とクエン酸-二価金属イオン複合体に対する応答
に関して，可能な 4 種類全ての表現型を示す変異体が得



















(HCB339 または UU2612)に Tcpを発現させ，緩衝液 




















ケット内の二価金属イオンに近接している Asn-152 残基 
を Ala と Arg に置換した 2 種類の変異 Tcp (N152A，
N152R)を構築し，それらを発現する菌の応答を観察した
（当研究室の朝長紗也との共同研究）．1 mM EDTA によ







図 2 N152変異 Tcp発現菌のクエン酸応答に 
   対する EDTAと MgCl2の影響 
 
つぎに，「クエン酸二価金属イオン応答」のみが失われた
変異型 Tcp 発現菌の応答を解析した．EDTA 非存在下で
























図 4 新規 Tcp fragmentの安定性．DH5株を用いた試料 
は濁度（OD600）を 10 に換算して 10 l 添加し，HCB436
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